Objective. We determined the amount of fatigue experienced by patients with RA, and its relationship to synovitis, pain and other common clinical features. We also examined to what extent RA fatigue is improved by disease-modifying antirheumatic drugs (DMARDs) and anti-tumour necrosis factor (TNF) therapy. Methods. We studied two cohorts of 238 and 274 RA patients cross-sectionally and examined treatment responses in 30 RA patients starting anti-TNF and 54 starting DMARDs followed for 3 and 6 months. We measured fatigue using visual analogue scores (VAS) and Medical Outcomes Study Short Form 36 (SF-36) vitality scores. We recorded the disease activity score for 28 joints and its components (tender/swollen joint counts, patient global assessment, ESR), morning stiffness, health assessment questionnaire, physician global assessment, erosive disease, nodules, rheumatoid factor, concomitant medications and illnesses, and the SF-36 questionnaire. Results. Fatigue was common in RA patients; over 80% had clinically relevant fatigue (VAS¸20 mm), over 50% had high levels (VAS¸50 mm). It was associated with pain and changes in mental health, particularly depression. In each of the two cross-sectional cohorts, this relationship was similar whichever measures of fatigue and mental health were used. Fatigue fell with DMARDs and anti-TNF: before treatment, 87% of patients had high fatigue, after treatment this fell to 50%. These treatment effects were mainly linked to improvements in pain. Conclusions. High fatigue levels characterize RA and are mainly linked to pain and depression. The association with disease activity is secondary. Fatigue falls with DMARD and anti-TNF therapy. The balance of evidence suggests that fatigue is centrally mediated in established RA.
Fatigue is common in rheumatoid arthritis (RA) and its absence characterizes disease remission [1] . Qualitative studies highlight the importance people with RA attribute to fatigue [2, 3] . Between 40 and 80% of RA patients attending specialist clinics have clinically relevant fatigue, which is a feature of active disease [4] [5] [6] [7] . By contrast, few cases (under 5%) are in remission [8] , in which there is no fatigue. These observations suggest disease activity is one underlying factor in the pathogenesis of fatigue in RA. Surprisingly, the ways in which disease activity influences RA fatigue have not been investigated to any extent. However, interest in this issue has been stimulated by a large randomized controlled trial (RCT) of adalimumab, an anti-TNF agent, which significantly reduced fatigue in RA [9] . The improvement in fatigue was associated with falls in disease activity, providing the best evidence yet that inflammatory synovitis is a potentially important causal factor for RA fatigue. There is relatively little data on whether conventional disease-modifying antirheumatic drugs (DMARDs) reduce fatigue. Only one RCT has looked at this to any extent. It compared leflunomide with methotrexate and showed that both DMARDs improved Medical Outcomes Study Short Form 36 (SF-36) energy and vitality scores, which are equivalent to fatigue measured with specific instruments [10] .
Several other factors influence RA fatigue, including psychosocial factors, health beliefs, illness perceptions and poor social support [11, 12] . Fatigue also has strong relationships to pain and depression [4, 5, 7, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . These inter-relationships led Wolfe to coin the term 'fibromyalgic RA' to describe the subset of patients with high levels of fatigue, pain and depression [21] .
Our aim was to define the relative contribution of RA disease activity to fatigue in comparison with factors such as pain and depression in established RA. We examined these interrelationships in two cross-sectional studies using different instruments to assess fatigue. We also evaluated the comparative effects of DMARDs and anti-TNF on RA fatigue in prospective observational cohorts.
Methods

Patients
We studied RA patients who met the criteria of the American College of Rheumatology and were attending out-patient clinics in southeast London. We performed both clinical association and treatment response studies and looked at two patient groups in each (Table 1) . The initial clinical association study assessed fatigue using a visual analogue scale (VAS); the second clinical association study also used the vitality scale of the SF-36 as an alternative measure of fatigue. The two treatment response studies evaluated patients either starting DMARDs and remaining on treatment for 6 months or patients starting anti-TNF and remaining on treatment for 3 months; patients who stopped treatment for any reason were excluded.
Assessment of fatigue
Fatigue was measured using a 100 mm VAS and the vitality subscale of the SF-36 questionnaire [22] .
Other assessments
Demographic data (age, sex and disease duration), information on treatment (current DMARDs and anti-TNF), pain (100 mm VAS), disease activity score (DAS) for 28-joint counts and its constituent components (28 tender joint count, 28 swollen joint count, patient global assessment and ESR) were recorded in all cases. In the treatment response studies, the clinical assessments were recorded before and after 3 or 6 months of treatment.
In the clinical association studies, data were also collected on early morning stiffness (EMS) in minutes, the modified health assessment questionnaire [23] (HAQ) score and the physician global assessment score. Patients in the initial study were assessed for the presence of erosive disease, nodules, rheumatoid factor, haemoglobin, creatinine, all concomitant medications and illnesses.
Analysis
Simple descriptive analyses (including mean and S.D.) were applied to the main data in all groups. Regression analyses were used to examine the factors influencing fatigue in the clinical association studies using the Statistical Package for the Social Sciences (SPSS Õ 11 for Windows). Simple linear regressions were used to study the individual effects of continuous variables, such as age, pain, physical assessment and DAS. The effects of binary variables were assessed with two-sample independent t-tests. To determine the key factors that contribute to fatigue in RA, the simple linear regression was followed by a multiple linear regression model fitted to all the variables in a stepwise manner, paying special attention to multi-collinearities, interactions and potential mediating relationships.
As fatigue measured by the SF-36 vitality score was not normally distributed, the results were categorized into three categories: low, normal and high energy scores. Simple ordinal regressions were used to study the individual effects of continuous variables followed by fitting a multiple ordinal regression model to all the variables. The effects of binary variables were assessed with two-sample independent t-tests. To assess the effects of treatment, two-sample independent t-tests and bivariate Spearman's correlations were used.
Results
Frequency of fatigue
RA patients had high fatigue levels ( Table 1) ; 80% of patients had clinically relevant fatigue (VAS score !20 mm) and over 50% had high fatigue scores (VAS score !50 mm). Fatigue was also assessed using the SF-36 energy and vitality score (range 0-100). The lower the score the more severe the fatigue. The mean SF-36 energy and vitality score in our cohort was 51, which is substantially less that in than normal UK populations, who have reported mean scores of 61-65.
Clinical association studies: simple regression
The initial clinical association study showed that VAS fatigue scores were significantly correlated with disease activity measures, including DAS and VAS pain (Table 1) , and also HAQ (r ¼ 0.51, P<0.001) and early morning stiffness (r ¼ 0.46, P<0.001). In addition, there were significant associations with some comorbidities, number of concomitant diseases, depression (fatigue score 68.6 vs 47.6, P ¼ 0.002) and fibromyalgia (fatigue score 72.1 vs 47.7, P ¼ 0.001), and some prescribed drugs (methotrexate, tramadol and paracetamol). Fatigue was not associated with other DMARDs (sulphasalazine, hydroxychloroquine, leflunomide, gold, azathioprine, cyclosporin, d-penicillamine), anti-TNF therapy (etanercept, adalimumab, infliximab) and steroids. It was also unrelated to age, disease duration, sex, rheumatoid factor, rheumatoid nodules, anaemia, diabetes mellitus, and renal, respiratory or ischaemic heart disease.
The second clinical association study (alternative measure study) showed similar significant correlations between VAS fatigue scores and both DAS and VAS pain scores ( Table 1 ). The SF-36 energy and vitality scores correlated (Spearman's rank correlation) 
Clinical association studies: multiple regression
Multiple linear regression in the initial clinical association study showed that five variables explained 53% of variation in VAS fatigue scores (Table 2) . Pain had the strongest association, then HAQ and depression. Methotrexate and erosive disease had negative associations, indicating that patients receiving methotrexate had less fatigue and that those without erosions had more fatigue. Multiple linear regression in the second study showed that three variables explained 53% of the variation in VAS fatigue scores ( Table 2) . Pain had the strongest positive association, followed by SF-36 mental health score (in an inverse scale a negative association indicates a positive relationship) and patient global assessment. Finally, an ordinal regression model of the relationships of SF-36 energy and vitality scores showed that three variables had significant associations: HAQ and pain had the strongest association followed by SF-mental health scores (Table 2) .
Treatment response study DMARDs. Over 6 months, VAS fatigue scores fell from a mean of 56 to 49 (P ¼ 0.176). Before treatment, 34 (63%) of the patients had high levels of fatigue (VAS scores !50 mm); after treatment this fell to 26 (48%). The fall in VAS fatigue scores correlated with improvements in pain and DAS 28 (r ¼ 0.63, P<0.001 and r ¼ 0.69, P<0.001, respectively). The effect sizes of DMARD therapy on DAS, pain and fatigue were 79, 66 and 42%, respectively.
Anti-TNF. Prior to treatment, the VAS fatigue score of anti-TNF treated patients was statistically significantly higher than that of DMARD treated patients (67 vs 56, P ¼ 0.04) although after treatment it was similar in the two groups (50 vs 49). Over 3 months there was a mean fall in VAS fatigue score from 67 to 50 (P ¼ 0.009). Before treatment, 26 (87%) of patients had high levels of fatigue (VAS score !50 mm); after treatment this fell to 15 (50%). The falls in VAS fatigue scores correlated with improvements in pain and DAS 28 (r ¼ 0.65, P<0.001 and r ¼ 0.43, P ¼ 0.019, respectively). The effect sizes of anti-TNF therapy on DAS, pain and fatigue were 128, 80 and 73%, respectively.
Discussion
Fatigue is a dominant symptom in RA. In keeping with previous reports [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , we showed that it is strongly associated with pain. Patients with active RA had high levels of fatigue, but multiple regression analyses show that this relationship was less important than the association with pain. Patients diagnosed with either fibromyalgia and/or depression have higher levels of fatigue. These conditions coaggregate and after adjustment with multivariate analysis, depression is the only comorbidity invariably associated with fatigue. Other comorbidities, including cardiovascular and respiratory diseases, were not directly related. Several other factors are associated with fatigue scores. HAQ scores were positively associated, indicating that patients with high fatigue levels are markedly disabled. Methotrexate use and erosive disease had negative relationships. This suggests that methotrexate use is associated with lower levels of fatigue, which may have two explanations: firstly, patients who are treated with methotrexate have a better outcome; secondly, the non-methotrexate-treated patients represent a different subset of RA patients. The association of non-erosive disease and higher fatigue scores may also represent a specific subset of RA patients in this population. Interestingly, we found no association between fatigue and age or disease duration, indicating that peripheral features like muscle mass, which decreases with age, and disease duration are unimportant. Therefore, fatigue in RA is likely to be central in origin. RCTs provide some evidence that adalimumab [9] , methotrexate and leflunomide [10] reduce fatigue. These falls in fatigue accompanied decreases in disease activity. Our observational studies show that in routine practice fatigue falls when active RA is treated with anti-TNF and to a lesser extent with DMARDs. These falls mirror decreases in DAS scores and pain. Although Wolfe and Michaud [24] found similar levels of fatigue in RA patients on anti-TNF therapy and those not receiving biologicals, they did not measure fatigue levels prior to commencement of anti-TNF and their results are best explained by confounding by indication. Indeed, our data indicate that patients started on anti-TNF therapy have higher fatigue scores at baseline. TNF receptors have been identified on neurons [25] and chronic inflammation is associated with up-regulation of these TNF receptors [26] . TNF has also been implicated in pain pathways [27] ; thus, in conditions such as RA the increase in TNF levels may contribute to chronic inflammatory pain. The improvement in pain and fatigue with anti-TNF therapy may be due to a direct central effect through interaction with sensory neurons.
If fatigue is to be used as an RA outcome measure, it is crucial to identify the best assessment instrument. VAS fatigue scores are simple and reproducible; however, multidimensional assessments may provide a more complete picture and improve our understanding of the clinical relationships of fatigue. We found similar results using VAS scores and SF-36 energy and vitality scores, and when Wolfe [28] compared VAS scores with three multidimensional fatigue scales he also found that the VAS fatigue scale performed favourably compared with more detailed scales. Nevertheless, other validated and detailed instruments that measure RA fatigue, such as the Multidimensional Assessment of Fatigue (MAF) [5] and the Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-F) [29] , may prove more valuable, especially for studies which assess the mechanism of fatigue rather than use it simply as another outcome measure.
In conclusion, high fatigue levels are common in RA and are mainly linked to pain and depression. The association with disease activity is secondary. Fatigue falls with DMARD and anti-TNF therapy. The balance of evidence suggests that fatigue is centrally mediated in established RA.
